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The Pre-HOST activities in Hish Temperature Crack Propasation are 
described in detail in NASA CR-167896» 'Fracture Mechanics Criteria 
for Turbine EnSine Hot Section Components.' What follows is a brief 
recap of the hishlidhts of that contract. 

This was a 14-month contract swarded in late 1980 to Pratt 2 
Whitney Aircraft. The principal investigator was G. J. Meyers. The 
program consisted of five technical Tasks. 

In Task the Contractor was to 'establish the locations r 

characteristic Seometryr temperature levels? and stress levels in hot 
section components of typical advanced turbine ensines which present 
crack initiation and crack propasiation conditions that may 

significantly impact enSine operational safety or enSine inaintenance 
costs.' 'The suitability and the limitations of the currently 
available methods for correlation and Generalization of crack 

propaGation data such as linear elastic fracture mechanics parameters' 
were to be evaluated. The key results of this Task are shown in the 
first two fiGures. 

In Task II? the Contractor was to identify 'the empirical crack 
Growth predictive methods and data necessary for effective desiGn 
involvinG the potential crackinG conditions identified in the 

preceedinG Task I' and also' 'the test specimen desiGns and the 
facility reouirements which can provide the reeuired data under 
suitably controlled thermomechanical crack propaGation conditions.' A 
suitable testinG proGram was to be developed. 

In Task III? The Contractor was to 'conduct an analysis to 
identify and define the nature and maGnitude of the crack initiation 
and propaGation mechanisms at the sites identified in Task I.' 'An 
analysis of the correspondiriG test specimen Geometry and loadinG* was 
also to be made. The component which received the Greatest amount of 
analysis is the combustor liner shown in FiGure 3-1. A finite-element 
analysis had already been performed under another contract? and the 
results are shown in FiGure 5.2-3. The louver lip (location 1) is the 
area of interest and contains stronG thermal Gradients. A more 
detailed model? FiGure 5.3-8? was constructed for J-inteGral analysis 
usinG the MARC proGram (note the three contours). The calculated 
J-inteGral was found to he very sensitive to material property 
variations within the contour of inteGration (FiGures 5.3-9 and 
5.3-10). The results of this analysis indicate that the J-inteGral 
calculation resident in the MARC proGram is not satisfactory for this 
kind of problem. The specimens that were to be tested in Task IV were 
analyzed usinG a modified Shih-Hutchinson approach. 

Task IV consisted of the actual testinG. The specimens used were 
tubular specimens with short circumferential throuGh-thickness cracks 
as shown in FiGure 6.2-1? with the initial EDM slot beinG about 0.040' 
lonG. The ewternal-r idGe specimens were used for the isothermal 
tests? the internal-r idGe for TMF tests. The TMF cycles that were used 
are shown in FiGure 6.2-2. Cycle I and Cycle II are linear? the 
'Faithful Cycle' is an approximation to the calculated louvei — lip 
cycle shown earlier. The test matrix is shown in Tables 6-1 and 6-II. 

The data are correlated and Generalized in Task V. As shown in 
FiGures 7.4-2 and 7.4-3? The J-inteGral was not entirely successful in 
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correlating the data. One should note> however» that all calculations 
were effectively based on the assumption that the crack bedan to open 
at maximum compressive load« If all cracks opened at the same 
percentade of max. loadf then all calculations are in error by the 
same constant factor* Based on data spreads the crack tip openind 
displacement (which was calculated from the J-intedral) dave a 
somewhat better correlation. 

There are two sidnificant points to be noted* Firstf the 
J-intedral calculation resident in the MARC computer prodram is not 
satisfactory for problems involvind thermal dradients* Second» the 
specimens tested here were sparsely instrumentedr and therefore we can 
only duess at how they actually responded to the thermal and 
mechanical cyclind* 


56 



DOCUnCNIAriON Of DMUGl RCmi^ Ml J'lU UnBllllOH liniR^ 
(Outer and Inner) 


Fi 9 ure lime (X of Cfclei (X of Calculated Calculated 

»imtier Calculated 8-SO Calculated B-SO Tewperature (*f) Strain Range (X) nature of Damag e 

coMSusToii ouicn I mens 


3-? 

38 

20 

1780 

0.45 

0 

lip Coll IPX* 






0 

Coiting Spallktion 






0 

Burning 






0 

Eitenxivc Cracking 

3-3 

R4 

85 

1810 

0.45 

0 

Cracking and Burning 







(Similar to flguro 3-2) 

3-4 

51 

88 

1780 

0.45 

0 

Eatenxive Cracking 






0 

Localittd Olxtrcix 

3-5 

81 

SI 

1780 

0.45 

0 

Extent Ivc Cracking 







(Ont Severe Crack) 




COHBUSIOR 

IIMER LINERS 



3-6 

V 

10 

I7X 

0.25 

0 

Eroxion and Burning 






0 

Axial and Circumferential Crack i 






0 

oilutlon Air Hole Cracking 

3-f 

5J 

)« 

1730 

0.37 

0 

Nlld Dilution Air Hole Cracking 






0 

Cracking In Aft End 

flOltS; 








Coollnq Ifpe; rilm Cooled Natirlal; Hattelloy*! Coating; Nctall Ic-Ctraolc Ilier«al Barrier 

Crack Initiation location; Outer Liner; Cnd of tooeer lip 

Inner liner; tnd of loever lip and circiaaf ertntlal teaa weld 

linen anaft be weld-repaired or eventual ly replaced. 

railOBf CONSCqoiKCS; 

Outer liner; Aalal crackx link tofether, resultlny In liner deformation, Ihit deformation may affect combuxtor 
eilt temperature dixtrlbutlon with an ultimate effect on turbine performance and durability. 

Inner liner; Inlerxectlon of large aalal and circumferential crackx can rexult In liberation of plecex of the 
liner, cauxing xecondary damage to turbine bladex and vanex. 


TABLE 3-1 1 


IMPORTANT DAMAGE MECHANISMS FOR 
JT 9 D HIGH-PRESSURE TURBINE AIRFOILS 


Ai rfojJ 


First-Stage Turbine Vane 


Second-Stage Turbine Vane 


Damage. Mechani sms 

0 Cracking (oxidation-assisted) of leading edge 
and pressure-side wall. 

0 Burning around leading edge cooling holes. 

0 Leading edge cracking (early models). 

0 Coating oxidation ana impact damage (later 
models) . 


First-Stage Turbine Blade 


Second-Stage Turbine Blade 


0 Radial cracking of pressure- and suction-side 
walls. 

0 Blade tip oxidation. 

0 Stress rupture. 

0 Impact damage. 

0 Impact damage. 

0 Stress rupture (early models). 
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HOOP STRAIN , IN./IN. 




Figure 5.3-8 Coarse Grid Finite Element Mesh for J-Integral Test Cases 
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DISTANCE OF CONTOUR FROM CRACK TIP/CRACK LENGTH 

Figure 5.3-9 Effect of Elastic Modulus Variation on J-Integral Calculation 
using Coarse Grid. 
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DISTANCE OF CONTOUR FROM CRACK TIPCRACK LENGTH 

Figure 5.3-10 Effect of Linear Temperature Gradient on J-Integral Calculation 
Using Coarse Grid. 
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EXTERNAL RIDGE SPECIMEN INTERNAL RIDGE SPECIMEN 



DIMENSIONS ARE NOMINAL VALUES. GIVEN IN INCHES 

Figure 6.2-1 Tubular Strain-Controlled Crack Propagation Specimens. 
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Figure 6.2-2 Strain-Temperature Cycles used In Thermomechanical Fatigue 
Testing. 
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TABLE 6-1 


CONDITIONS FOR ISOTHERMAL TESTING* 


Average 

Strain Minimum Maximum Cyclic Strain 

Test Temperature Range Strain Strain Rate Rate 


No. 

CO 

cn 

(X) 

(X) 

(X) 

(cpm) 

(in/in)/min 

Comments 

I-l 

427 

300 

0.15 

-0.075 

0.075 

60 

0.18 


1-2 

427 

800 

0.40 

-0.20 

0.20 

10 

0.08 


1-3 

427 

800 

0.40 

-0.45 

-0.05 

10 

0.08 

Mean Strain*-0.25X 

1-4 

427 

800 

0.25 

-0.125 

0.125 

10 

0.05 


1-6 

649 

1200 

0.15 

-0.075 

0.075 

2.0 

0.006 


1-7 

649 

1200 

0.40 

-0.20 

0.20 

1.0 

0.008 


1-8 

649 

1200 

0.40 

0.05 

0.45 

1.0 

0.008 

Mean Strain*+0.25X 

1-9 

760 

1400 

0.15 

-0.075 

0.075 

1.0 

0.003 


I-IO 

760 

1400 

0.25 

-0.125 

0.125 

0.5 

0.005 


I-ll 

760 

1400 

0.40 

-0.20 

0.20 

1.0 

0.004 


1-13 

760 

1400 

0.25 

-0.125 

0.125 

0.5 

0.005 

1 minute Hold Time 

1-14 

871 

1600 

0.15 

-0.075 

0.075 

1.0 

0.003 


1-15 

871 

1600 

0.175 

-0.0875 

0.0875 

1.0 

0.0035 


1-16 

871 

1600 

0.40 

-0.02 

0.02 

0.5 

0.004 


1-18 

927 

1700 

0.15 

-0.075 

0.075 

1.0 

0.003 


1-19 

927 

1700 

0.25 

-0.125 

0.125 

1.0 

0.005 


1-20 

927 

1700 

0.40 

-0.20 

0.20 

0.5 

0.004 


1-21 

927 

1700 

0.25 

-0.125 

0,125 

1.0 

0.005 

Mean Strain*-0.25X 

1-22 

927 

1700 

0.25 

-0.125 

0.125 

0.5 

0.005 

1 minute Hold Time 

1-23 

982 

1800 

0.15 

-0.075 

0.075 

1.0 

0.003 


I -23a 

982 

1800 

1.50 

-0.75 

0.75 

1.0 

0.030 

Large Strain Range 

1-24 

982 

1800 

0.25 

-0.125 

0.125 

1.0 

0.005 


I -25 

982 

1800 

0.40 

-0.20 

0.20 

0.5 

0.004 


1-26 

982 

1800 

0.40 

-0.20 

0.20 

0.5 

0.004 

Triangular Wave 


Shape 


* All tests naa a sinusoidal wave shape, zero man strain, and no hold 
time, except where indicated. 


TABLE 6-II 

CONDITIONS FOR THERMO ME CHAN I CAL FATIGUE TESTING* 


Average 


Test 

No. 

Maximum Strain Minimum Maximum Cyclic 
Temperature Range Strain Strain Rate 

m [Sj (»} (cpm) 

Strain 

Rate 

(in/in) /rain Conments 

T-1 

927 

1700 

0.15 -0.075 

0.075 

0.83 

0.0025 


T-2 

927 

1700 

0.25 -0.125 

0.125 

0.83 

0.0042 


T-3 

927 

1700 

0.40 -0.20 

0.20 

0.44 

0.0035 


T-4 

927 

1700 

0.25 -0.125 

0.125 

0.83 

0.0042 

Cycle II 

T-5 

927 

1700 

0.40 -0.20 

0.20 

0.44 

0.0035 

Faithful Cycle 

T-6 

927 

1700 

0.40 -0.20 

0.20 

0.30 

0.0035 

Faithful Cycle; 1. 125- 
minute Hold Time 

T-7 

982 

1800 

• C.25 -0.125 

0.125 

0.83 

0.0042 


T-a 

871 

1600 

0.25 -0.125 

0.125 

0.83 

0.0042 


T-9 

760 

1400 

0.25 -0.125 

0.125 

0.83 

0.0042 


T-10 

649 

1200 

0.25 -0.125 

0.125 

0.83 

0.0042 


T-11 

927 

1700 

0.40 -0.20 

0.20 

0.30 

0.0035 

1.125-minute Hold Time 

T-1 2 

871 

1600 

0.40 -0.20 

0.20 

0.44 

0.0035 


* All tests were Cycle I with no hold time except where inoicated. 

* All tests hao a minimum temperature of 427*C (800"F) and zero mean strain. 
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da/dn, IN. /CYCLE 



re 7.4-3 Cycle 1, 0.25 Percent Strain Range Crack Growth Rates Based on 
J-Integral Range. 





